Background: Deceased brain death (DBD) induces inflammation in the rat intestine as evidenced by upregulation of adhesion molecules and influx of granulocytes. We hypothesised that increased intestinal permeability, induced during brain death, causes a systemic inflammatory state which may result in distant organ failure and subsequent inferior transplant outcome.
Introduction
Following kidney and liver transplantation, organs recovered from deceased brain dead (DBD) donors have a significant higher rate of acute rejection and chronic transplant dysfunction compared with organs from living donors, resulting in inferior transplant outcome (1). This inferior survival of deceased donation cannot be attributed to differences in immunogenicity alone (2). Matzinger's Danger model proposes that the immune response is primary concerned with entities that cause damage, rather than distinguishing between self and non-self. The hypothesis that injury is most important can be applied on the better survival outcome after transplantation between living compared and deceased donors. Antigen-presenting cells respond to danger signals from injured cells, such as those exposed to pathogens, toxins and mechanical damage (3;4) . One of the potential danger signals in DBD donors is endotoxemia. Bacterial translocation and endotoxemia occur frequently in deceased brain dead organ donors (5) . In other conditions, such as severe burns, brain injury and acute respiratory distress syndrome (ARDS), an enhanced intestinal permeability is associated with distant organ injury (6) (7) (8) .
We hypothesized that an increased intestinal permeability, induced during brain death, causes a systemic inflammatory state which results in distant organ failure and inferior transplant outcome.
Material and Methods

ANIMALS
Adult male Fisher 344 rats (260-300g, Harlan, Horst, The Netherlands) were housed under standard conditions at the animal research facility of the University Medical Center Groningen with free access to drinking water and rat chow. The experiments were in accordance with institutional and legislatory regulations and were approved by the local Committee for Animal Experiments.
EXPERIMENTAL PROTOCOL AND STUDY DESIGN
Rats were randomly allocated to one of two experimental groups. In one group, brain death was induced (n=6) and the rats were sacrificed after four hours. The control group consisted of sham operated rats in which a trepanation was performed without inserting the balloon catheter (n=6). Sham operated rats remained ventilated with oxygen and isoflurane 2% during the entire experiment.
BRAIN DEATH INDUCTION
Brain death induction was performed, accordingly the method described by Kolkert et al. (9) . Briefly, the rats were anesthezised with isoflurane and then intubated. Through a frontolateral trepanation lateral of the bregma, trepanned with a micro drill, a balloon catheter was inserted. The balloon was slowly inflated over a time period of average 30 minutes with 0.5 ml water using a Syringe pump. Brain death was confirmed by the absence of corneal reflexes and an apnoea test. Directly after brain death induction anesthesia was stopped and all animals were ventilated with O2/air. If necessary, when mean arterial pressure (MAP) dropped below 80mmHg, animals received hemodynamic support by intra venous infusion of 10% hydroxyethylstarch (HAES) only, to achieve normotension. Ten minutes before retrieval of organs, the rats were ventilated with O2 /ISO 0.5%, to allow muscle relaxation and a laparotomy. Just before termination of the experiment, blood was collected. Jejunum, ileum and liver tissue were retrieved after a flush with saline through the abdominal aorta. Tissue samples were either stored in formaline (4%) or frozen in -80°C.
SERUM ENDOTOXINS
The Cambrex Limulus Amebocyte Lysate (LAL) kinetic-QCL® was used for the determination of endotoxin in serum. This test is validated and conform the United States Pharmacopeia. The principle of this colorimetric assay is that Gram negative bacterial endotoxin catalyzes the activation of a pro-enzym in the LAL. The initial rate of activation is determined by the concentration of endotoxin present. The activated enzyme catalyzes the splitting of p-nitroaniline (pNA) from a colorless substrate. Its reaction time of the forming of pNA, which is depending on the amount of endotoxin in the sample, is measured at 405 nm. The sample consisted of serum. Therefore the proteins had to be removed by adding perchloric acid to the 1:1000 diluted sample and then the pH was brought to pH = 7.0 by sufficient pyrogen free bicarbonate buffer.
SERUM LPS BINDING PROTEIN
Human LBP enzyme-linked immunosorbent assay (ELISA) test kit (HyCult Biotechnology, Uden, The Netherlands) were performed, according to the manufacturer's instructions, to evaluate LBP in serum samples from all rats included in the study. All samples were tested in duplicate and read at 450 nm for LBP, in microplate reader (Victor3, 1420 multilabel counter, Perkin Elmer).
SERUM CYTOKINE MEASUREMENTS
Serum cytokine levels of MCP-1 and IL-6 were analyzed via multiplex bead technology using the 13-plex kit (LINCOplex: HCYTO-60K, Linco, St. Louis, MO). The cytokine protein values were expressed in pg/ml.
REALTIME PCR
Realtime PCR was performed with SYBR green as previously described (8) . The primers were designed using Primer Express 2 software (Applied Biosystems, Foster city, USA) , used for the LBP the forward primer used were 5'-AGAAGGCGCAAGTGAGCTGAT-3' and reverse primer 5'-TAGTTGAGGAATGCCTGGAACA-3', the length of the product is 75 bp.
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STATISTICAL ANALYSES
All data are presented as median and [25-75 percentiles] . The Mann-Whitney U test was applied for comparison of two groups. A P-value of less than 0.05 was considered significant.
Results
All rats from the DBD group had a higher endotoxin concentration compared to the control group. The median [25- (Figure1C+D) . In addition to our previous experiments using an identical experimental brain death model, we observed inflammation in the donor intestine, characterised by an increase in the adhesion molecules E-Selectin, Intracellular Adhesion Molecule 1 (ICAM-1), Vascular Adhesion Molecule 1 (VCAM-1), granulocytes and apoptosis on the tip of the intestinal villi, we now show high levels of LBP and LPS in DBD rats, an acute phase protein which has an important role in the response to LPS. In line with the serum data, LBP mRNA levels in the liver, the major LBP producing organ as well as in the intestine are markedly elevated. 
Discussion
This study shows an increase in intestinal permeability after experimental brain death induction in rats evidenced by increased serum levels of LPS and LBP compared to controls. Further, we show elevated circulation levels of the cytokines IL-6 and MCP-1, indicating a systemic inflammatory state. These potent inflammatory cytokines are key players in inflammation and chemo-attractants of granulocytes, monocytes and other inflammatory cells (10) . In line with the serum data, LBP mRNA levels in the liver, the major LBP producing organ as well as in the intestine are markedly elevated.
In previous experiments using an identical experimental brain death model, we observed inflammation in the donor intestine, characterised by an increase in the THE IMPACT OF CEREBRAL INJURY IN DONATION AND TRANSPLANTATION  A CENTRAL ROLE OF THE INTESTINE adhesion molecules E-Selectin, Intracellular Adhesion Molecule 1 (ICAM-1), Vascular Adhesion Molecule 1 (VCAM-1), granulocytes and apoptosis on the tip of the intestinal villi (11;12) . Induction of inflammation during brain dead has also been reported in other potential donor organ such as kidney, liver and lung (12) (13) (14) (15) (16) .
In this paper we show high levels of LBP, an acute phase protein which has an important role in the response to LPS, in DBD rats. Binding of LPS to LBP is the first step in the recognition of bacterial products by the innate immune system, which leads to a disruption of LPS aggregates (17) . LBP catalyzes the transfer of LPS from bacteria or micelles to CD14. LPS can also enter the cytosol directly. Many LPS responses require a complex of MD2 with Toll-like receptor 4 (TLR4) (17;18) . Studies of other conditions commonly associated with endotoxemia, such as sepsis, bacterial infection and liver cirrhosis, show evident higher LBP levels (19) (20) (21) .
Organ injury observed in DBD donors resembles distant injury to the lung and heart seen after severe burns. The intestine plays an important role in mediating this burn induced injuries (8;22;23) . Furthermore, acute kidney injury is common in burn patients. It develops shortly after the burn and parallels other dysfunctioning organs. Although reversible, in more severe cases it correlated to mortality (24) . In addition, after traumatic brain injury the intestinal permeability is increased and expected to play a role in and to contribute to multiple organ failure (6;25) . Based on the observation in this study, combined with the published literature about intestinal permeability and distant organ injury (6-8;22;23;25) , we consider the intestine of the DBD donor a critical player in the development of distant organ injury, which reflects organ quality. Kidneys and livers recovered from brain dead donors suffer indeed from injury and show inferior function after transplantation (26) (27) (28) .
Both in the systemic inflammatory response syndrome (SIRS) and the state of brain death, the normal homeostatic balance is in dysbalance (29) . When homeostasis is not restored, SIRS can result in multiple organ dysfunction syndrome (MODS). In parallel, livers derived from brain dead donors show higher mortality than livers from living donors (26;28). Also, a high LPS concentration in 14 DBD liver donors predisposed to graft loss (30) . The exact mechanisms, however, by which translocating bacteria or endotoxins, and antigenic components or cytokines generated in the gut set about causing SIRS, sepsis and MODS remains unclear (31) .
Summarizing, our results support the hypothesis that intestinal inflammation leads to enhanced intestinal permeability, which causes bacterial translocation, provoking cytokine release. This vicious circle enhances the inflammatory state of potential donor organs. We propose that the disturbed permeability of the intestine is responsible for the elevated endotoxin levels and thereby contributes to the inflammatory reaction in potential donor organs. Our findings indicate that protection of the intestine is a novel strategy to improve donor organ quality.
